Thrombin modulates phosphoinositide metabolism, cytosolic calcium, and impulse initiation in the heart.
Thrombin stimulates phosphoinositide hydrolysis and increases cytosolic calcium in several types of cells. To determine whether thrombin exerts similar stimulatory actions in the heart and whether this mechanism is linked to changes in cardiac electrical activity, the effects of thrombin on several biochemical and electrophysiological parameters were examined. In neonatal rat ventricular myocyte cultures freed of fibroblast contamination by irradiation, thrombin rapidly induced the breakdown of phosphoinositides. Formation of inositol trisphosphate was detectable within 5 seconds and was followed by the sequential accumulation of inositol bisphosphate and inositol monophosphate. The effect of thrombin to stimulate phosphoinositide hydrolysis was inhibited by hirudin, but not by propranolol, prazosin, or pretreatment with pertussis toxin. The inositol phospholipid response was unassociated with changes in intracellular cAMP levels. To determine the electrophysiological effects of thrombin, we used microelectrode techniques to study canine Purkinje fibers. Thrombin increased the beating rate of fibers depolarized using barium, but not those at normal maximal diastolic potential. In addition, thrombin prolonged the action potential duration in fibers driven at a constant cycle length. This response was inhibited by hirudin and nisoldipine, but not by propranolol, prazosin, or pretreatment with pertussis toxin. Thrombin also augmented cesium-induced early afterdepolarizations. Using the fluorescent calcium indicator fura-2, we demonstrated that thrombin increased the beating rate, diastolic calcium, and peak systolic calcium of spontaneously contracting cultured ventricular myocytes. Cytosolic calcium also increased in both rat ventricular myocytes and canine Purkinje myocytes that were electrically driven at a constant basic cycle length, indicating that thrombin modulates cellular calcium metabolism independent of its actions to enhance automaticity. Taken together, these findings demonstrate several novel biological actions of thrombin in the mammalian heart that may be functionally related. The actions of thrombin to enhance automaticity and prolong repolarization may contribute to the electrical abnormalities observed in the setting of myocardial ischemia and infarction.